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Supplementary figures
Distribution of number of bases on mature, annotated GENCODE transcripts that lie between the two alternative exons (averaged over all GENCODE transcripts that start before the upstream exon and end after the downstream alternative exon. (E) Percent of purely protein-coding exon pairs that are coordinated and of exon-pairs that contain non-coding sequence. In this analysis, we chose exon pairs in both distributions so that the underlying distributions of informative reads in the two categories are identical. and used as in out for spISO-seq library generation on 10x Genomics instrument.
Experimental recommendations for the Chromium system
Please note that all experiments that were analyzed for biological results were obtained on the 10x Genomics GemCode system. While we were analyzing this data 10x
Genomics released the updated Chromium system (version 2 being the current up-to-date version). In house, we noticed different behavior, which we are detailing here. Please also note, that some of the experimental procedure was changed for cost efficiency. In principle the changed steps are equivalent to the above procedure. we used a total input RNA concentration of 100ng and followed the SmartSeq2(1) protocol with the following modifications. The Oligo(dT) primer was diluted to 2,5nM and 1ul used for the priming, for the RT 0,2ul of LNA TSO Oligo was used. Second strand synthesis was performed using Kapa HiFi HotStart Ready Mix (Kapa Biosystems Cat#KK2600) primed with ISPCR primers and used the following thermal conditions, 98oC for 3min then 6 cycles of 60 oC for 5min, 72 oC for 20min followed by a final extension of 72 oC for 30min and held at 10 degrees. RNase H digestion was preformed after second strand synthesis to remove any RNA-DNA hybrid molecules by addition of 1U of RNase H (Thermo Scientific Cat#EN0201) and incubated for 30min at 37 oC. The final dscDNA library was quantified on Qubit and size distribution was assessed using the Fragment Analyzer and diluted in 10ul to 1ng/ul, 500pg/ul, 250pg/ul and 125pg/ul respectively for input into the 10x Genomics Genome protocol. We recorded the number of uniquely mapping read pairs and compared them to the ones obtained from the GemCode system. Note, that here we use very stringent mapping parameters to determine exact intron positions, not the more relaxed ones used in Figure 1 for molecule identification.
Sample Concentration
Uniquely mapped read pairs (Chromium) As of now, we therefore recommend to use 1ng/uL when using the Chromium instrument (genome v2 chemistry) with 8 lanes of sequencing.
Bioinformatics analysis
Re-mapping of previously published long read Re-mapping of SLR-RNA-seq(2) data was performed using GMAP(3) as described
Primary spliced molecule number estimation of microfluidic molecules
To estimate the total number of spliced RNA molecules, we mapped the linked short reads to the GRCh38 version of the human genome and annotated GENCODE v24 spliced junctions using STAR (4) . For this primary molecule number identification step (but not for subsequent coordination analysis steps), we used rather permissive parameters, considering a junction identified when it was covered by a spliced short read with at least 1nt on both sides of the intron. A spliced molecule was considered identified when at least one of its gene's intron was observed in this way for the barcode in question. Obviously a wrongly assigned short read, as for example a fragment originating from the parent gene being assigned to the pseudogene can lead to a false positive identification.
Coordination of alternative internal exons using SLR-RNA-seq.
We first considered all exon pairs that appeared at least once as an internal exon of a synthetic long read. We then calculated a PSI value for both splice sites of each exon as well as the entire exon and retained only exons, for which
• all PSI values were between five and 95%.
• The exon inclusion and the exon exclusion isoform represented 80% of all overlapping molecules -thus discarding exons with frequent intron retention or alternative acceptors or donors
We then considered non-overlapping exon pairs coming from the same gene and counted read numbers (that had an intermediate exon), which
• Included both exons (as judged by usage of the donor of the first exon and the acceptor of the second exon)
• Included the first exon and skipped the second exon
• Skipped the first exon and included the second exon
• Skipped both exon For exon pairs that had at least 25 such reads we performed a two-sided fisher test and corrected for multiple testing using the Benjamini-Yekutieli correction(7).
Coordination of alternative internal exons using spISO-seq. All exon pairs, for which we recorded informative read numbers (see section "Coordination of alternative internal exons using SLR-RNA-seq") and for which we had at least 5 overlapping informative reads were considered for spISO-seq analysis, based on the thought that the increased sequencing depth of spISO-seq would allow the determination of significant events even when low SLR counts were observed.
Similarly to the above procedure, we counted linked reads, which
• Included both exons (but this time as judged by observation of at least the acceptor or the donor of each exon)
• Skipped both exon Note, that this counting procedure is different from the one employed for SLR-RNA-seq.
For SLR-RNA-seq (as would be for Pacific Biosciences or Oxford nanopore), if a long read is informative about the usage of the donor of the downstream exon, it is necessarily informative about the acceptor of that same exon. For SLR-RNA-seq we thus focused on the acceptor. For spISO-seq, due to the sparser coverage of the molecule, we may encounter situations, where we can tell if the donor of the downstream exon is used but due to random chance no linked short read is available informing about the acceptor. We thus chose to consider the exon as present if the acceptor or the donor were observed. This can introduce discrepancies between the SLR-RNA-seq and the spISO-seq approach. It is possible to use identical counting procedures, but only by limiting the power of the spISO-seq approach.
Distribution of purely coding exon pairs and pairs involving non-coding sequence matched for informative molecules
We generated two lists of tested exon pairs: (i) Those that contained non-coding sequence and (ii) those that only contained coding sequence according to the GENCODE v24 annotation(5, 6) and counted for each list the number of informative linked reads. We randomly picked one exon pair of the first list and one of the second list that had the same number of informative reads. We repeated this procedure until no more pairs of exon pairs were available that had identical informative read numbers. The chosen pairs of exon pairs now defined two lists of exon pairs (one with non-coding sequence, the other without) that had identical distributions of informative reads.
For each list we calculated the distribution of p-values (with each p-value being a measurement of the extent of coordination) and subjected the two distributions to a twosided Wilcoxon rank sum test.
Coordination between first alternative donors and last alternative acceptors
We considered for each gene the first annotated donor and the last annotated acceptor that was alternative in our SLR-RNA-seq data, where "being alternative" is defined as "at least 5% and at most 95% of all overlapping spliced molecules use the splice site in question". We retained only splice site pairs, for which all reads that overlapped both splice sites also had an intermediate exon with respect to the two splice sites.
Finally, we counted linked reads that
• used both splice sites
• used the first site and skipped the second
• did not use the first site and used the second
• did not use either site
The resulting 2x2 tables were subjected to a fisher test and corrected for multiple testing using the Benjamini Hochberg method (8) . Note that in this procedure and contrarily to our SLR-RNA-seq procedure above a molecule that does not use a splice site because of intron retention is counted. This may lead to biases, because intron retention can drastically change the length of molecules. However the spISO-seq approach we present here should limit those problems, because no full-length amplification or even sequencing is needed.
Barcodes supporting introns from GENCODE version 24 and from reference(2) are available in Table S1 . Note, that a large number of SLR-RNA-seq defined introns did not show barcode support, presumably due to differences in mapping strategies.
